INTRODUCTION
In recent years there has been substantial progress in the application of shell model to study nuclear structure. Full fp shell calculations involving valence particles in all four orbits f 7/2 , f 5/2 , p 3/2 and p 1/2 have been successfully completed [1, 2] . New realistic interactions in the fp shell have been suggested for better agreement with experimental results for the binding energies, lowlying spectra and excitation strengths. These studies are being carried further to understand many other microscopic features of the nuclei in this region.
Some of these nuclei are also important in astrophysics, in particular for presupernova stellar evolution [3, 4] and r-and s-process nucleosynthesis. But for astrophysical purposes, one often finds that average properties, like smoothed level densities and averaged strength functions, are adequate. Here, results of statistical models of nuclear structure are useful. Spectral distribution theory [5, 6] is a theory which, given enough valence particles in large spaces, is able to give statistically smoothed average shell model values for the physical quantities of interest.
In this paper we shall be concerned with the applications of the spectral distribution theory to the fp shell. In all earlier such studies the major uncertainties arose from the interaction used and none of the interactions used could give results in good agreement with observed values over the whole lower/upper half of the shell. But recently, shell model studies of A=48 nuclei [1] as well as some other heavier ones [7] in the lower half of the shell indicate that a minimally modified Kuo-Brown interaction (KB3) is able to reproduce successfully experimental binding energies, excitation 3 spectra and transition strengths. Then the question that naturally arises is how well does the spectral distribution studies do with this interaction in the lower half of the fp shell. In this work, we compare the predictions of the spectral distribution methods with experimental and shell model values.
Similar studies were carried out in the sd shell [8] after the spectacular success of shell model results with universal-sd interaction [9] .
In spectral distribution theory one produces smoothed fluctuation free 
Given the (1+2)-body realistic Hamiltonians, spectral distribution theory expresses the m-particle averages in terms of averaged 1-and 2-body matrix elements and propagators(which involve powers of m [6] ). For application to real nuclei, one needs to work in (m,T) spaces where T stands for the isospin of the m-particle state. Spectral distributions also demonstrate the Ratcliff [10] where one inverts the equation space is
To incorporate the (γ 1 , γ 2 ) correction we take recourse to the Cornish-Fisher expansion [6] . In this expansion one transforms the variable x in ρ(x) by a series expansion onto a variable y so that the density in y is a Gaussian ρ G (y). Then for densities in x and y both with zero centroid and unit width one gets, including the (γ 1 , γ 2 ) corrections
and conversely
. The orbit occupation probability for orbit s in the m -particle space is given simply by
This gives a simple dependence of the occupation probability on the energy
In spectral distribution theory, for comparison of different operators, an important quantity is the correlation coefficient between two operators G and
where the m-particle trace <GH > m is calculated using propagation techniques and σ G (m) (σ H (m)) are the widths of G(H) in the m-particle space.
The extension to (m,T) space also is easily carried out [5] .
Our spectral distribution codes as yet can calculate up to third moments in (m,T) spaces exactly. The fourth moment of 2-body operators can be calculated only in scalar spaces. So for γ 2 (m, T ) we first make an approximation γ 2 (m, T ) = γ 2 (m) to calculate the binding energies and spectra;
then we improve this approximation by using a phenomenological correction term involving the two scalars of isospin space n and T 2 and write
The correction coming from γ 1 in the energy is small (a few percent); so changing the γ 1 from its scalar to exact (m, T)
values hardly makes any change in the corrected energy. Therefore we keep the scalar value for our calculation.
RESULTS AND DISCUSSIONS
In Table 1 we compare the predictions for a number of nuclei in the lower half of the fp shell with the experimental binding energies (with the Coulomb contribution removed from it). To understand how the present interaction KB3 differs from earlier interactions, like MHW2 which was also derived from Kuo-Brown interaction, we display in Table 2 are found to differ by up to 6 MeV for particle number ranging from 6 to 16.
The width of MHW2 is seen to be consistently smaller than KB3 by a few percent, but as the correlation coefficient has the centroid subtracted and the widths divided out it has values very close to one for all particle numbers and isospins.
The procedure for calculating the energy of states can be extended to excited states also. In Fig. 1 
CONCLUSIONS
In conclusion, we stress that spectral distribution studies using corrections derived from a departure from Gaussians for the density of states through the 9 3rd and 4th moments of the Hamiltonian are quite successful in predicting binding energies, excitation spectra etc. These studies should be extended to the calculation of sum rules and transition strength distributions for different excitation operators and also to the upper half of the fp shell.
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